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We investigate the resonant interaction to the weak gravitational waves in a coupling 
electromagnetic system, which consists of a Gaussian beam with the double polarized transverse 
electric modes, a static magnetic field and the fractal membranes. We find that under the 
syncroresonance condition a high-frequency GW (HFGW) of 3010h −= ,  may 
produce the perturbative photon flux (PPF) of  in a surface of . The PPF can 
be pumped out from the background photon fluxes and one might obtain the amplified signal 
photon flux of  by cascade fractal membranes. It appears to be worthwhile to study 
this effect for the detection of the high-frequency relic GWs in quintessential inflationary models  
and the HFGWs expected by possible laboratory schemes.  
3GHzgν =
-12.15 10s× 2 210 m−
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 One important expectation [1,2] of quintessential inflationary models is that the maximal 
signal of the relic gravitational waves (GWs) in the models may be firmly localized in the GHz 
band, the corresponding dimensionless amplitude of the relic GWs can reach up to roughly . 
Although the energy density of the relic gravitons in the region is almost eight orders of 
magnitude larger than in ordinary inflationary models, they have not yet been detected. Moreover, 
fast development of a series of new technology (nanotechnology, ultra-fast science, 
high-temperature superconductors, ultra-strong field physics, etc.) offered new hopes for 
laboratory generation of the high-frequency GWs (HFGWs) [3-5], but the orders of the amplitude 
of the HFGWs expected by possible laboratory schemes in the GHz band would be only 
or less. 
3010−
-30 -3110 10−
In this letter we shall show that under the syncroresonance condition the perturbative photon 
flux induced by a continuous monochromatic HFGW of 3010h −= ,  can reach up to 
 at a surface of  in a coupling system between the Gaussian-type microwave 
beam and the static magnetic field, and the perturbative photon flux can be pumped out from the 
background photon fluxes by the special fractal membranes [6-8]. Using the cascade fractal 
membranes or crystal channels effect [9] the signal photon flux may increase 2-3 orders of 
magnitude, while the instantaneous value of the perturbative photon flux produced by the 
high-frequency relic GW of  in the GHz band, might reach up to the same orders of 
magnitude. Thus, such effects are possible to provide a new displaying way for the HFGWs. 
3GHzgν =
-12.15 10s× 2 210 m−
3010h −=
It is well know that in flat spacetime there are many different kinds of forms of the 
Gaussian-type beams. In fact, they are the wave beam solutions of the electrodynamical equations 
in flat spacetime, while the Gaussian beam of fundamental frequency mode has simplest 
expression [10], i.e., 
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radius, eω  is the angular frequency, δ  is an arbitrary phase factor. 
Unlike Refs. [11,12], here we choose the Gaussian beam with both the transverse polarized 
electric modes  (TE), and we adopt the coupling system between the Gaussian beam, the fractal 
membranes and the static magnetic field. The static magnetic field is pointed along the y-axis and 
is localized in the region . Although then the form of the perturbative photon 
fluxes will be more complicated, they have more realistic observable meaning. Setting 
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besides, 
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where the superscript 0 denotes the background electromagnetic (EM) fields, the notations ~ and ^ 
stand the time-dependent and static EM fields, respectively. For the high-frequency EM energy 
flux densities (or in quantum language: photon flux densities), only nonvanishing average values 
of these with respect to time have an observable effect. From Eqs.(1) and (2), one finds 
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where (0)xn   and  represent the average values of the background photon flux densities 
propagating along the x-,y- and z-axes, respectively, the angular brackets denote the average over 
time, 
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non-vanishing  and , the Gaussian beam will be asymptotically spread as 
0 0, , ,  and eW rψ ω z
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increases. 
For a circular polarized weak monochromatic plane GW propagating along the z-axis, the 
line element takes the form 
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where  and  in Eq.(5) are the constant amplitudes. For the relic GWs, they are actually the 
instantaneous values at some instant, which contain the cosmology scale factor [13]. Since their 
typical orders are about 10
A⊕ A⊗
-30―10-31 in the GHz band [1,2], these weak gravitational processes in 
the laboratory frame of reference of the Earth can be described as the perturbations to the 
Euclidian space. Of course, then the time and frequency parameters should be the laboratory time 
and laboratory frequency. 
Using the electrodynamical equations in curved spacetime, the generic form of the 
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perturbative EM fields produced by the direct interaction of the GW with the static field (0)ˆ yB  
can be given by [11] 
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(1) (1),x yB B   within the spot radius are approximately (0)ˆ yAB c  and (0)ˆ yAB  [11,12], respectively, here 
we assume that A A A⊕ ⊗= = . The coherent syncroresonance between the perturbative EM fields, 
Eq. (6), and the Gaussian beam, Eqs. (1) and (2), can be expressed as the following first order 
perturbative photon flux (PPF) densities: 
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where  and  are the average values of the first-order PPF densities along the (1) (1),x yn n
(1)
zn
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,x y− −  and  axes, respectively. It is easily seen from Eqs. (2) and (4) that z − (0)
0
0y xE = = , 
thus (0)
0
0x xn = = . Unlike (0) 0 0x xn = = , it can be shown from Eq. (7) that (1) 0 0x xn = ≠ , and 
numerical calculation shows that (1)
0x x
n =  has maximum, this means that the photon flux passing 
through the yz-plan will be the pure first-order PPF, this is satisfactory. Therefore, any photon 
measured from the yz-plan (i.e. the plan x=0) will be a signal of the EM perturbation produced by 
the GW. Nevertheless, for the regions of (0)0, we have 0xx n≠ ≠ . At first sight,  will be 
swamped by the background  so that  has no observable effect in the regions. However, 
it will be shown that  and  propagate along opposite directions in some local regions 
(see below), so that  (signal), in principle, can be observed. The total PPF passing through a 
certain “typical receiving surface” at the yz-plane will be  
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Notice that  is unique non-vanishing photon flax passing through the surface.  (1)xN
    The outgoing (and imploding) property of (0)xn  in the region of  (and ) (this is 
just typical property of the Gaussian beams [10]), the continuity of 
0z > 0z <
(1)
xn  at the yz-plane and the 
anti-symmetric relation of the propagating directions of (1)xn  between regions of  and 
 show that 
0y >
0y < (1)xn  and (0)xn  propagate along opposite directions in the regions of 1st ( , 
, ), 3rd ( , , ), 6th (
0x >
0y > 0z > 0x < 0y < 0z > 0x < , , 0y > 0z < ) and 8th ( , , 
) octants, while they have the same propagating directions in the regions of 2nd, 4th, 5th and 
7th octants. Thus for the effect of the GW, we are interested in the former but not in the latter. 
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is quasi-probability integral. 
    In our EM system, all parameters are chosen as realizable values in the present experiments: 
(1) P=10W, the power of the Gaussian beam. (2) , the strength of the background static 
magnetic field, (3) , the spot radius of the Gaussian beam (4) 
,
(0)ˆ 3TyB =
0 0.1mW =
0 02W y W≤ ≤ 0 / 2z l≤ ≤  ( , 0 0.1mW = 0.3ml = ), the integration region s∆ in Eq (13), i.e., 
. Obviously then “the receiving surface” has already moved to the region outside 
the spot radius , it has a more realistic meaning. (5)
2 21.5 10 ms −∆ = ×
0W
3010A −= , , they are not only 
typical orders of the high-frequency relic GWs in the quintessential inflationary models [1,2], but 
also typical orders predicted by possible laboratory HFGW schemes [3,5]. Using Eqs.(1), (2), (6), 
(7), (10),(11) and the above parameters, we obtain . For the continuous GW, it 
corresponds . 
3GHzgν =
(1) -12.15 10sxN = ×
4 17.74 10 h−×
It should be pointed out that because of random property of propagating directions, 
frequencies and amplitudes of the relic GW’s [4,13], detection of the relic GW’s will be more 
difficult than that of the monochromatic continuous GW’s. However, a GW propagating along an 
arbitrarily direction can always be split into three components, which propagate along ,x y− −  
and  directions, respectively. And as we have shown above that only the GW, which satisfies 
the resonant condition (
z −
g eω ω= ) and propagates along positive direction of the z-axis, can 
generate optimal resonant response. It can be shown that for the GW’s propagating along x-, 
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y-axises and negative direction of the z-axis, even if g eω ω= , the effective PPFs produced by 
them will be much less than that generated by the GW propagating along the positive direction of 
the z-axis. Consequently, our EM system has very strong selection capability to the relic GW’s. 
While the relic GW’s have not yet been detected, we can be sure that the Earth is bathed in sea of 
the relic GW’s. Therefore, the high-frequency relic GW’s satisfying above “frequency and 
direction resonance” would be selectable and measurable in seconds at least. 
It is remarkable that in recent years the new-type fractal membranes have been successfully 
developed (see e.g. Ref.[6-8]), and first, the fractal membranes can provide nearly total reflection 
for the EM waves (photon fluxes) with certain frequencies in the GHz band, at the same time, they 
can provide nearly total transmission for the photon fluxes with other frequencies in the GHz band, 
and one can get amplification of ten times at each reflection or transmission. Second, the photon 
fluxes reflected and transmitted by the fractal membranes can keep their strength invariant within 
distance of 1~2 meters. Third, such frequencies can be regulated in the GHz band. 
Since (1)xN  (signal) and 
(0)
xN  (background) have opposite propagating directions in the 
local regions (e.g. in the first octant, (1)xN  and 
(0)
xN  propagate along the negative and positive 
directions of the x-axis, respectively), using the fractal membrane with the normal direction 
parallel to the positive direction of the x-axis, it will reflect only (1)xN  and not 
(0)
xN . Once 
(1)
xN  
is reflected, (1)xN  and 
(0)
xN  will have the same propagating direction. However, because after 
(1)
xN  is reflected, it will get amplification of 10 times and keep its strength invariant within one 
meter distance at least, while (0)xN  will be decay as ( )2 2exp 2 /r W−  [see, Eq. (4)], then ratio 
(1) (0)/x xN N  would be larger than unity in the whole region of 0.68m 1mx≤ ≤  (x is the distance to 
the fractal membrane). If (1)xN  is reflected at one time (the single fractal membrane), one can get 
the amplified signal photon flux of  in a surface of , and it can still keep the 
above value at 
2 -12.15 10 s× 2 210 m−
0.79mx =  while where (0)xN will be reduced to , although 6 -1~ 10 s−
(0) (0) (1)
maxx x xN N N=   at 02 / 2 0.07mx W= ≈ . If (1)xN  is reflected or transmitted at 3 times 
(the cascade fractal membranes), then the terminal receiver would get the signal photon flux of 
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4 -12.15 10 s× . However, the increment of the number of the fractal membranes will bring new 
noise sources (the thermal noise and shot noise). In order to suppress the thermal noise, the whole 
system should be cooled down to eKT ω< =  which corresponds to T 0.1K< , suppressing the 
shot noise is also difficult, but worthwhile and not impossible. In fact, since “random motion” of 
the thermal photons and the highly directional propagated property of the PPF, the requirements of 
distinguishing such two kinds of photons can be further relaxed. As for the  and yN zN , since 
xN ,  and yN zN  are orthogonal each other, even if the position of the fractal membrane occurs 
a small deviation, xN ,  and yN zN  will be orthogonal reflected to different directions and 
regions. This means that such fractal membrane can be made an “equivalent light splitter” for the 
signal and the background. 
For the possible external EM noise sources, using a Faraday cage or shielding covers made 
from such fractal membranes would be very helpful. Moreover, since (1) (0)ˆx yn B∝  [see, Eq. (11)], 
increasing the background static magnetic field may be a better way (e.g., using crystal channel 
effect [9] or other means [14], it is possible to get a much stronger static fields than 3 Tesla). In 
this case  would be increased 2-3 orders, and the number of the background real photons 
does not change. These questions will be considered elsewhere.  
(1)
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